Purpose: To report a case of fungal keratitis after corneal collagen crosslinking (CXL) surgery. Observations: We report a case of fungal keratitis after CXL for post-refractive surgery ectasia. The patient presented 12 days after surgery with a corneal ulcer that was culture positive for Alternaria species of fungus. She subsequently developed a bacterial superinfection. The keratitis resolved with medical therapy, although the patient required a penetrating keratoplasty (PKP) due to central corneal scarring. Conclusions and Importance: To our knowledge, this is the first case of fungal keratitis as a complication after CXL in the United States and the first case of Alternaria infection after CXL using the Dresden protocol. Infectious keratitis is a rare but serious complication of CXL, and we suggest continued innovation of operative techniques that may reduce the risk of infectious keratitis.
Introduction
Corneal ectasia, or thinning with anterior bulging of the cornea, is a rare but well known complication of laser in situ keratomileusis (LASIK) resulting in progressive irregular astigmatism and decrease in visual acuity. Post-LASIK ectasia is linked to reduced biomechanical stability of the cornea. 1 Corneal CXL is a procedure to delay progression of ectasia by increasing corneal rigidity. Introduced by Wollensak et al., in 2003 , CXL uses riboflavin and ultraviolet-A (UV-A) to induce covalent bond formation between collagen fibrils in the cornea. 2 It has since been used worldwide to treat keratoconus and related disorders like pellucid marginal degeneration, as well as ectasia arising post-refractive surgery. There are also reports of CXL demonstrating benefit in treatment of cases of microbial keratitis. 3 CXL was approved by the Food and Drug Administration in April 2016 and is gaining widespread use in the U.S.
Case report
An otherwise heathy 57-year-old woman was referred to the Truhlsen Eye Institute (TEI) at the University of Nebraska Medical Center for persistent corneal ulcer and anterior chamber hypopyon due to post-CXL fungal keratitis not resolving with topical antifungal therapy. The patient underwent CXL of the right eye (OD) using the Dresden protocol 3 by the referring provider 48 days prior to treat postrefractive ectasia. A bandage contact lens (BCL) was placed postoperatively and routine postoperative topical drops were initiated including prednisolone acetate 1%, gatifloxacin 0.5% and bromfenac 0.07%. Her preoperative best corrected visual acuity (BCVA) using rigid contact lenses was 20/30-2 OD using a Snellen eye chart. The patient presented back to the provider on postoperative day (POD) 1 with a central epithelial defect and her BCL still in place. The BCL was removed without complication on POD 5. On POD 12, the patient complained of blurry vision, photophobia, redness and soreness in the treated eye. A corneal infiltrate was noted ( Fig. 1) , and topical cefazolin 50 mg/mL and tobramycin 10 mg/mL were started. Cultures were obtained POD 13. On POD 20, due to increasing central infiltrate density, she was started empirically on natamycin 5% and voriconazole eye drops for possible fungal keratitis. Culture results with sensitivities were finalized POD 32 and demonstrated Alternaria species of fungus. Natamycin and voriconazole were stopped, and itraconazole and amphotericin B eye drops were started based on antifungal susceptibility testing. Her fungal infiltrate showed significant improvement by POD 46. However, increasing corneal opacification and persistence of her hypopyon led to referral to TEI. Upon referral on POD 48, best uncorrected visual acuity (UCVA) in the right eye was counting fingers at one inch. Examination of the right eye revealed a 5.0 mm × 4.0 mm corneal ulcer with infiltrate, feathery edges and filamentary extension superiorly into mid-deep stroma. The eye also had 2+ injection of the conjunctiva and a 10% hypopyon in the anterior chamber. The patient was instructed to continue the itraconazole and amphotericin B. The hypopyon resolved with medical treatment POD 62, and the patient had a BCL inserted on POD 67 due to persistent epithelial defect. Due to central corneal scarring and persistent poor vision otherwise without hope of recovery, PKP was performed 92 days post-CXL. Corneal button pathology was negative for fungal or bacterial elements. At one-month postoperative follow-up, the epithelial defect was closed, and the patient had an UCVA of 20/400 in the right eye. At 11 months post-PKP and 14 months post-CXL, her BCVA was 20/25 with a scleral contact lens OD.
Discussion
Infectious keratitis is a rare complication of corneal CXL, with previously reported rates as low as 0.0017%, 4 and post-CXL fungal keratitis is especially rare. Previously reported infections after CXL using the Dresden protocol include the bacteria Staphylococcus epidermis, 5 S. aureus, 6 Escherichia coli 7 and Pseudomonas aeruginosa, 8 the herpes virus, 9 Acanthamoeba 10 and the fungi Fusarium 11 and Microsporidia. 12 The Fusarium and Microsporidia cases occurred in Spain and India, respectively. To our knowledge, this is the first case of fungal keratitis as a complication after CXL in the United States and the first case of Alternaria infection after CXL using the Dresden protocol. Maharana et al. 13 recently reported three cases of fungal keratitis at a tertiary center in India following accelerated CXL, a protocol that delivers higher power UV-A radiation over a shorter duration than the Dresden protocol. These cases included one case of Alternaria keratitis, one case of coagulase-negative Staphylococcus and Aspergillus fumigatus co-infection and one case of S. aureus and Mucor co-infection. Notably, the patient with Alternaria keratitis presented three days after aCXL with an ulcer that progressed to corneal perforation despite medical therapy and required PKP. All three cases were pediatric patients, and the study authors hypothesized that young age could be a risk factor for post-CXL infection in developing countries due to poor compliance and postoperative care.
Conclusions
In a systematic review, Hsiao et al. identified preexisting corneal disease or previous ocular surgery to be a risk factor for Alternaria keratitis.
14 The factors that place our patient at higher risk for this infection include prior refractive surgery, corneal ectasia, a postoperative epithelial defect that is routine in the Dresden protocol, and standard use of postoperative topical steroid. Of note, our patient was compliant with her post-operative drop regimen and was noted to have good ocular hygiene. Fungal keratitis should be on the differential for an otherwise healthy patient who presents with a corneal infiltrate after CXL. Infectious keratitis is a rare but serious complication of CXL, and we suggest continued innovation of operative techniques that may reduce the risk of infectious keratitis.
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